ETHERED cord syndrome can include voiding dysfunction, lower-extremity weakness, sensory abnormalities, pain, and gait disturbance. It is associated both with major spinal dysraphism, such as lipomyelomeningocele, and with more subtle structural abnormalities of the terminal filum, including thickening, fat infiltration, and high content of dense fibrous tissue.
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Symptomatic spinal cord tethering is often associated with caudal positioning of the conus medullaris; however, TCS can also occur in the presence of structural filum abnormalities despite a normally positioned conus medullaris. Surgical filum lysis in this circumstance has been shown to improve urological and neurological function. 5, 18 Recently, results of a number of noncontrolled, observational studies have suggested that surgical filum lysis may also benefit children with medically refractory voiding dysfunction, normal positioning of the conus medullaris, and a structurally normal terminal filum (as defined on 1.5-tesla MR images)-a set of characteristics also known as minimal TCS or occult TCS. 8, 9, 11, 13, 19 Consideration of occult TCS as a possible new indication for surgical untethering raises three principal questions. 1) Is there a well-defined population of children (and presumably previously untreated adults) with neurogenic voiding dysfunction? 2) Is there a plausible pathophysiological mechanism by which occult TCS could account for voiding dysfunction in these patients? 3) Does surgery favorably alter the natural history of children with occult TCS? The current analysis outlines existing evidence relevant to these questions.
Literature Review
A MEDLINE English-language literature search was undertaken for the period between 1964 and the present that covered the following topics: tethered spinal cord syndrome, "filum terminale," and voiding dysfunction. Subsequently, reference lists from relevant primary articles were reviewed to identify other pertinent reports. Studies were considered relevant if they featured reports of clinical outcomes after surgical filum lysis for TCS, as well as reports of voiding and lower-extremity dysfunction. Only reports featuring children (that is, patients Յ 18 years of age) with a structurally normal lumbar spine as defined on MR images were included. In general, normal imaging results were defined as the position of the conus medullaris lying above the lower endplate of L-2, the absence of syringomyelia, normal caliber and signal of the terminal filum, and the absence of other structural defects with the exception of simple osseous spina bifida occulta.
Data from these studies were reviewed in the context of the existing literature on the prevalence and natural history of voiding dysfunction in older children and adults so that recommendations for further study and clinical practice in this area could be formulated. Methods. Five retrospective, observational, noncontrolled studies of surgical terminal filum lysis for occult TCS in children were identified. Two further studies in which the authors reported surgical results in children with a normallevel conus medullaris were also identified.
Conclusions. These studies document encouraging clinical outcomes following surgery. Clinicopathological evidence suggests that occult TCS may result from radiographically occult structural abnormalities of the terminal filum. Although a preponderance of Class III clinical evidence supports the use of surgical filum lysis to treat occult TCS, no Class I or II evidence exists. Clinical practice varies; therefore, performance of a prospective randomized clinical trial of surgical terminal filum lysis for the treatment of occult TCS is advocated.
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Abbreviations used in this paper: MR = magnetic resonance; NLC = normal-level conus; TCS = tethered cord syndrome.
Clinical Evidence for Improvement
Following Surgery Using the aforementioned search strategy, five reports of clinical outcome after surgical filum lysis for occult TCS were identified. Two additional studies were identified in which the authors reported the outcomes after filum lysis in children with NLC as established using computerized tomography myelography or MR imaging (Table 1 ). In total, these authors reported outcomes in 161 patients whose ages ranged from 2 to 18 years; 61% were female.
All patients with voiding dysfunction were treated medically before consideration of surgery. In general, medical therapy included timed voiding and other behavioral strategies, anticholinergic medications, and urological consultation. Various methods were used to select patients with NLC and occult TCS for surgery. In five studies, surgical candidates were chosen in part based on the presence of neurogenic changes on invasive urodynamic studies, including hypertonic bladder and sphincter-detrusor dyssynergia. 5, 8, 9, 11, 13 In two other studies, neurological and/or cutaneous findings were used to select patients for surgery. 18, 19 The use of cine-MR imaging to evaluate conus medullaris excursion has also been advocated for this purpose. 19 Averaged across all seven studies, 87% of patients improved after surgery (Table 1) . When limited to studies of children with occult TCS as defined by nondiagnostic lumbar MR imaging, 92% improved with surgery. Similarly, 92% of patients with occult TCS improved regardless of whether they had 8,9,11,13 or had not undergone 19 urodynamic testing. In all studies, the preliminary method of outcome measurement was informal patient reporting to the neurosurgeon and/or urologist. The follow-up period ranged from 1 to 48 months and averaged approximately 1 year. Followup urodynamic test results were also reported in 59 patients from four studies. 5, 8, 11, 13 Sixty-three percent of these patients showed improvement in urodynamic variables after surgery (significantly fewer patients than those who showed clinical improvement). Three complications of surgery were reported in these 161 patients: one case of retethering leading to surgical reexploration and two cases of wound infection. No deaths or serious complications were reported.
Based on standard criteria for evidence review, all seven studies constituted Class III evidence for clinical outcome. The low level of evidence principally arose from the retrospective nature of these studies, the lack of formal, validated outcome measures, and the lack of randomized or cohort control groups.
Discussion
Multiple retrospective, observational noncontrolled studies suggest high rates of clinical benefit from surgical lysis of the terminal filum for occult TCS. 8, 9, 11, 13, 19 Careful analysis of these results is required to determine the degree to which current clinical and scientific evidence supports the widespread adoption of surgery for occult TCS.
Voiding dysfunction is present in up to 17% of schoolage children, although it occurs frequently in only 2%. 15 Up to 16% of healthy nulliparous nursing students suffer regular and/or major episodes of urine loss. 3 The finding that at least 15% of women and 3% of men in each decade of adult life suffer from voiding dysfunctions suggests that incontinence may persist into adulthood. 16, 17 Urinary incontinence also affects a significant number of healthy adult men. 3, 6 Together, these findings reveal the existence of a large population of patients suffering from significant voiding dysfunction.
The concurrence of spina bifida occulta and voiding dysfunction may indicate the presence of TCS. 4, 19 Defined by these two criteria alone, the prevalence of TCS could range from 164,000 to 1,394,000 in 5-to 14-year-old children in the US (based on a rate of 2-17% incontinence and a 20% prevalence of spina bifida occulta 1,2,15 as indicated on the US Census Bureau 2000 Report). These results should be interpreted with caution, however; for example, a prospective, long-term, observational study revealed no difference in the natural history of voiding dysfunction in children with or without spina bifida occulta. 10 Surgical untethering of the spinal cord is postulated to prevent episodes of microcirculatory ischemia resulting from pathological spinal cord traction. 20 The beneficial effects of spinal cord untethering in patients with occult TCS might then be explained in one of two ways. First, in patients with occult TCS the terminal filum may be structurally abnormal in a fashion not detectable on routine 1.5-tesla MR images. 13 Alternatively, spinal cord parenchyma in patients with occult TCS may be abnormally sensitive to normal levels of traction resulting from the presence of an unremarkable terminal filum.
Data from recent reports demonstrate that the terminal filum is thicker and more fibrous in patients with occult TCS than in control patients. In patients with occult TCS, the terminal filum is also thicker than in patients without spinal cord tethering but not as thick as that found in patients with a radiographically apparent filum lipomata (that is, Ͼ 0.8 mm but Ͻ 2 mm in thickness). 13 The filum is also more fibrous in patients with occult TCS than in control patients 13 or in normal cadaveric specimens. 12 These findings suggest that occult TCS involves a congenital abnormality of the terminal filum rather than the spinal cord itself. Thus, more sensitive 3-tesla MR imaging might be able to identify such patients noninvasively.
Urodynamic studies were used to select patients for sur- gery in both of the studies that demonstrated structural filum abnormalities in patients with occult TCS. 12, 13 Although these studies may thus be useful in identifying appropriate surgical candidates, no information about the prevalence of a mild terminal filum abnormality exists for the general population. Furthermore, no evidence is available regarding the sensitivity and specificity of urodynamic studies in detecting such patients.
Other methods, in addition to clinical evaluation and urodynamic studies, may also be available to identify patients with occult TCS. 19 For example, cine-MR imaging of the distal spinal cord has been shown to predict the response to spinal cord untethering in patients with major spinal dysraphism. 7 However, normative cine-MR imaging data are not available for healthy children or those with minor dysraphism, including filum lipoma and occult TCS.
Evidence for Improvement Following Surgery
Existing evidence suggests that there is a large population of children (and possibly young adults) with medically refractory voiding dysfunction who may suffer from occult TCS. Recent pathophysiological evidence supports the hypothesis that the terminal filum in such patients is structurally abnormal, although not to a degree that is detected on routine 1.5-tesla MR imaging. A preponderance of the available Class III outcome evidence demonstrates high rates (Ͼ 90%) of clinical benefit from surgical filum lysis in patients with occult TCS (Table 1) . Such benefits were demonstrated in five studies in which patients were selected for surgery based in part on invasive urodynamic testing 5, 8, 9, 11, 13 and in one study in which urodynamic studies were not used. 19 Significant controversy exists regarding proper indications for performing surgical filum lysis in children with occult TCS. There are wide variations in existing clinical practice.
14 Based on a preponderance of favorable Class III clinical evidence but in the absence of Class I or II evidence, performance of a prospective, controlled randomized trial is recommended.
Conclusions
Voiding dysfunction is a frequent clinical problem in children and young adults. Patients with medically refractory voiding dysfunction and neurogenic abnormalities on invasive urodynamic testing have abnormally thickened, fibrous terminal fila. A preponderance of Class III evidence, but no Class I or II evidence, supports the option of surgical filum lysis in these patients. A prospective controlled trial should be undertaken to evaluate surgical filum lysis in children with occult TCS.
